A strong controversy has emerged about the reality of safety and efficacy of statins as stated by company-sponsored reports. However, physicians need credible data to make medical decisions, in particular about the benefit/harm balance of any prescription. This study aimed to test the validity of data on the company-sponsored statin trial by comparing them over time and then comparing statins with each other. Around the years 2005/2006, new stricter Regulations were introduced in the conduct and publication of randomized controlled trials (RCTs). This would imply that RCTs were less reliable before 2006 than they were later on. To evaluate this, we first reviewed RCTs testing the efficacy of statins versus placebo in preventing cardiovascular complications and published after 2006. Our systematic review thereby identified four major RCTs, all testing rosuvastatin. They unambiguously showed that rosuvastatin is not effective in secondary prevention, while the results are highly debatable in primary prevention. Because of the striking clinical heterogeneity and the inconsistency of the published data in certain RCTs, meta-analysis was not feasible. We then examined the most recent RCTs comparing statins to each other: all showed that no statin is more effective than any other, including rosuvastatin. Furthermore, recent RCTs clearly indicate that intense cholesterol-lowering (including those with statins) does not protect high-risk patients any better than less-intense statin regimens. As for specific patient subgroups, statins appear ineffective in chronic heart failure and chronic kidney failure patients. We also conducted a MEDLINE search to identify all the RCTs testing a statin against a placebo in diabetic patients, and we found that once secondary analyses and subgroup analyses are excluded, statins do not appear to protect diabetics. As for the safety of statin treatment -a major issue for medical doctors -it is quite worrisome to realize that it took 30 years to bring to light the triggering effect of statins on new-onset diabetes, manifestly reflecting a high level of bias in reporting harmful outcomes in commercial trials, as has been admitted by the recent confession of prominent experts in statin treatment. In conclusion, this review strongly suggests that statins are not effective for cardiovascular prevention. The studies published before 2005/2006 were probably flawed, and this concerned in particular the safety issue. A complete reassessment is mandatory. Until then, physicians should be aware that the present claims about the efficacy and safety of statins are not evidence based.
Introduction
There is a growing controversy affecting several drugs about their efficacy and safety, triggered by increasing signs of altered validity of numerous companysponsored trials. One example is the neuraminidase inhibitors for treating influenza (1, 2). The 5-year battle needed to access the raw trial data led to a reversed picture of the drugs: benefits had been overestimated and harms under-reported in the company-sponsored trial reports (1, 2). Ultimately, the benefit/harm balance was not in favor of the drugs; this is a critical issue for physicians, in particular when they are in charge of fragile patients. One probable cause of the failure is that none of the trials was independent of the drug's manufacturers. Several experts conclude that the "Tamiflu story" may suggest that the entire ecosystem of drug evaluation and regulation could be flawed (3, 4).
These concerns were strongly reinforced by the recent "confession" by Dr. Rory Collins from Oxford University, a prominent expert investigator in the field of cholesterol epidemiology and cholesterol-lowering statins. He stated bluntly in the lay press that the evaluation of statins during the last two decades had not been done correctly (5). He admitted that "the nature and importance of their adverse effects have to be reassessed" (5). The Cochrane statins review group also admitted that they do not have proper data to evaluate statin safety (5). Curiously, this occurred just 1 year after a rather unusual dispute between several "experts" about adverse effects of statins (6-11).
Dr. Rory Collins being the head of several consortiums publishing huge metaanalyses -through the Clinical Trial Service Unit (CTSU) or The Cholesterol Treatment Trialists' (CTT) Collaboration, for instance -the whole story does raise major concern, for the simple reason that these meta-studies repeatedly claimed that statins are particularly safe (12) (13) (14) (15) ; not forgetting that they served as a scientific basis for "lipid treatment guidelines" released by several national and international institutions (16, 17) .
How then are physicians supposed to act when it is admitted today by the experts themselves that their evaluation works were not done correctly? Can we trust and follow the guidelines? In other words, what is the true benefit/harm balance of statins (18, 19) ?
The most adequate way to solve the issue would be to "open the doors" so that independent experts do have full access to the company-sponsored trial data sets -i.e., clinical raw data of each randomized patient in each trial -to examine their validity in terms of safety and efficacy. This has led to an intense debate about randomized controlled trial (RCT) transparency (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) .
Prestigious scientists recently stated that modern medical scientific data are generally irreproducible (31) (32) (33) , often wrong (34-38), going as far as claiming that "an estimated 85% of research resources are wasted" (31, 32) . As raw clinical data are still not available (lack of transparency), the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA) cannot fully ensure that industry adequately conduct RCTs and fully report drug data regarding both efficacy and safety . One key measure to ensure RCT quality is the concealment of patient allocation and double-blinding. Not respecting one of these obligations may introduce unintentional bias in RCTs, in particular when clinical efficacy is based on "soft outcomes" -such as revascularization or hospitalization for chest pain, when evaluating cardiovascular drugs -or "composite outcomes" mainly including soft outcomes (42) . A clear possibility of such an unintentional "unblinding bias" has been recently described (43) . All these contribute to the emerging skepticism affecting the credibility of RCT data among both public and health professionals (44, 45) .
There have been two periods in the modern history of RCTs: before and after the 2005/2006 New Clinical Trial Regulations. These were implemented by the Health Authorities in Europe and USA -following the Vioxx and Celebrex incidents among others -in order to bring more transparency into the pharmaceutical industry (46) (47) (48) (49) (50) . The Legislator's intention was to force industrialists to make public all the RCTs they were setting up with the details of their main features, notably the dates of initiation and termination, including any discontinued RCT (46) (47) (48) (49) (50) . Importantly, by implementing New Clinical Trial Regulations, the Health Authorities implicitly admitted that previous drug assessment procedures were not satisfactory. As these New Regulations were elaborated to provide more robust scientific data and more protection for the consumers, it could be hypothesized that RCTs published after 2005/2006 are more reliable than those published before 2005.
Coming back to statins, in case of a significant discrepancy between the ancient (before 2005/2006 ) and the more recent (after 2005/2006) RCTs testing these drugs, we would conclude that only the results of the most recent RCTs should be retained. However, the absence of discrepancy between ancient and recent RCTs would be very reassuring and allow physicians to keep on prescribing statins as they did until now.
In order to provide more credible information to physicians and help them make the right decision regarding statin prescriptions, we have conducted a careful analysis of available company-sponsored statin RCTs published after 2005/2006. We then examined studies comparing statins to each other and whether intense statin regimens do protect high-risk patients better than less-intense statin regimens. Finally, we examined some safety issues including the very important statin-diabetes issue.
Methods

Search strategy
We identified RCTs published after 2005/2006 -and testing a statin against a placebo -via a MEDLINE search using the following key words "statins," "RCT," "placebo," "cardiovascular disease," "ischemic heart disease," "stroke," "myocardial infarction," and "mortality." The search was updated on March 2015 and retained only randomized double-blinded RCTs designed to examine the effects of a statin on cardiovascular outcomes during a period of at least 1 year. In addition, we examined the reference lists and related links of retrieved articles that met the inclusion criteria and expert review and published meta-analyses to detect all studies potentially eligible for inclusion. Crosssectional, cohort, case-control, and metaanalysis studies were not included. Studies comprising secondary and/or subgroup analyses were excluded because they were performed "a posteriori" after unblinding, a major cause of bias. We also performed a MEDLINE search to specifically identify double-blinded RCTs testing a statin in diabetic patients. Again studies comprising secondary and subgroup analyses were excluded. The selection was done by Michel de Lorgeril and verified by Mikael Rabaeus; and there was no discrepancy between them. The excluded references are included as supplementary file. In addition, as discussed further in the Results section, data of certain RCTs are not correctly provided. For instance, cardiovascular mortality in JUPITER is not reported in the first published article. Then, five different versions of cardiovascular mortality were reported. Which one should we consider? Moreover, regarding the overall mortality in JUPITER, the data were not validated by the statisticians of the FDA because the trial was prematurely stopped. We thus had to renounce to make any meta-analysis in the present study.
Results
The statin efficacy data
The only statin that has been tested (against placebo) after the implementation of the New Regulations is rosuvastatin that was tested in four RCTs (Figure 1 and Table 1):  The JUPITER trial, wherein the patients were considered free from cardiovascular disease and carrying a rather moderate risk of cardiac death (51);  The CORONA trial, wherein patients were all survivors of a prior acute myocardial infarction (AMI) -with various degrees of cardiac dysfunctionand at high risk of AMI recurrence and cardiac death (52);  The GISSI-HF trial, wherein all patients had cardiac dysfunction -50% following a previous AMI and 50% due to other heart disease -and a high risk of cardiac death (53);  The AURORA trial, wherein patients presented with severe renal failure, with 50% having already suffered an AMI or other ischemic complications. Evidently, they had a major risk of recurrent AMI and cardiac death (54).
Thus, a large proportion of the patients recruited in these four rosuvastatin RCTs were in the context of secondary prevention, thereby testing what has become an apparently indisputable statement: "beyond any doubt, statins are effective in secondary prevention" (55) (56) (57) (58) . A corollary statement was also tested: "the higher the risk of AMI, the more the reduction of cholesterol levels by means of a statin will be beneficial" (55) (56) (57) (58) . The patients in AURORA -with the highest risk -should get the greatest benefit and those in JUPITER -with the lowest riskthe least benefit. Let us start with the patients whose risk was the lowest.
The JUPITER trial
The JUPITER trial was a primary prevention trial (51). About 18,000 participants selected on the basis of a moderately elevated C-reactive protein (CRP) were distributed randomly into two groups: one was treated with a placebo, and the other with rosuvastatin. The primary hypothesis was to test rosuvastatin against placebo. An implicit additional objective was to test whether CRP levels could serve as indicators for the prescription of a cholesterol-lowering drug, even in patients with normal or even low blood cholesterol levels. JUPITER was therefore supposed to demonstrate that rosuvastatin is indicated in a specific "new" category of patients, i.e., those with slightly raised CRP levels (59-61).
As the main investigator of JUPITER also holds part of the license for the CRP assay kit -the other owner being a major Boston hospital -this additional objective implies that very serious conflicts of interest were present (51, 59).
What happened with JUPITER? The whole story has been told in several articles and book chapters (50, 51, (59) (60) (61) . Briefly, by the end of 2007, the investigators and the sponsors announced highly favorable results for rosuvastatin and that the trial should be discontinued (50, 51) . According to them, it would have been unethical to leave millions of potential patients without treatment when they had already demonstrated the highly significant protective effect of rosuvastatin, notably on cardiovascular mortality (59) (60) (61) . Accordingly, in March 2008, a press release announced the discontinuation of the JUPITER trial, with an average followup of less than 2 years per patient (59) (60) (61) . The adequacy of this premature discontinuation was strongly challenged (59-61) but was ultimately confirmed by a committee supposedly "independent from the sponsor." In November 2008, the results of JUPITER were published (51) and controversy grew further as many realized that the mortality data were not presented correctly. Criticisms abounded, triggering numerous answers and counterattacks from the investigators (59) (60) (61) . As the debate progressed, new data (previously unreleased) were reported by the investigators and/or the sponsor, surprisingly accompanied by modifications of the survival curves (59) (60) (61) . This finally resulted in at least five different versions of cardiovascular mortality data being reported (59) (60) (61) , which obviously is just as unacceptable as was the modification of the survival curves.
Ultimately, cardiovascular mortality was not judged different in the placebo and rosuvastatin groups, and the small difference in overall mortality ( 
The CORONA and GISSI-HF trials
In the CORONA trial, over 5,000 AMI survivors aged 60 years or more were randomized to receive either a placebo or rosuvastatin (52) . Despite a striking reduction in blood cholesterol levels, patients taking rosuvastatin had no clinical benefit whatsoever, particularly in terms of survival ( Table 2 ). The occurrences of cardiac death, AMI, and other nonlethal ischemic complications were unambiguously not different between the two groups.
CORONA came in complete opposition to previous post hoc analyses of RCTs and also meta-analyses (71-73), all claiming that statins have beneficial effects on several endpoints, including mortality and nonlethal complications, in patients with post-AMI cardiac dysfunction and chronic heart failure with or without coronary heart disease. Somewhat strangely, it has been said that the failure of CORONA to show any benefit of rosuvastatin was hardly surprising because there was no reason for the statin to protect "elderly heart-failure" patients. According to these post hoc interpretations, a statin is supposed to prevent ischemic heart attacks, certainly not to extend the life of elderly patients with ruined hearts by stopping the progression of cardiac dysfunction.
The analysis of CORONA outcomes shows that this argument is not valid: most deaths occurred during a recurrent AMI and only a minority because of progression of heart failure (52). This is no surprise as previous studies have shown that recurrent AMI is the first cause of death following a prior AMI with cardiac dysfunction (75) . CORONA was therefore clearly a study of the efficacy of a statin in preventing a recurrent AMI, i.e., a secondary prevention RCT (52) .
Finally, when the authors analyzed their results, there was no difference when comparing patients according to age or degree of cardiac dysfunction at baseline: the youngest did not benefit any more than the oldest, and those who suffered from minor or no symptoms of heart dysfunction were no more protected than the most severe cases (52).
This was reinforced when Italian investigators reported the results of the GISSI-HF trial where approximately 50% of the patients recruited had very similar characteristics to the CORONA population (except that they were younger) and where again no benefit (Table 2) was demonstrated in the rosuvastatin group (53).
It is pointless to discuss the GISSI-HF results in detail, although it was a remarkable piece of clinical research. All one needs to say is that, like CORONA, GISSI-HF failed to show any benefit of cholesterol-lowering with a statin in secondary prevention.
The AURORA trial in chronic kidney disease
In the AURORA trial, rosuvastatin was tested against placebo in patients with severe chronic kidney disease, some of them with a previous AMI or other cardiac ischemic syndromes, thus again in secondary prevention [54] .
Renal failure patients being at high risk of AMI, the expected benefit from lowering their cholesterol level has also been considered as very high. Indeed, for years, on the basis of meta-analyses using weak data extracted from studies not designed to primarily test the effectiveness of statins on renal failure patients (76), these patients (and their doctors) were misled into believing that their cholesterol level should be lowered as much as possible (50) .
So what did AURORA show? The results were the same as in CORONA: no clinical benefit at all -for both fatal and nonfatal complications ( Table 2 ) -despite a striking reduction in blood cholesterol (54) .
AURORA put an end to the belief that cholesterol-lowering by a statin is useful in chronic renal failure. Actually, AURORA confirmed the negative results of a previous RCT named 4D (for the "German Diabetes and Dialysis Study Investigators") (77), which had tested the effects of atorvastatin in similar kidney failure patients.
AURORA and 4D underline that we should only trust results of individual studies that do respect the strict methods of RCTs based on a well-defined primary hypothesis (37, 38, 50). Evidently, the same goes for metaanalyses (50, 55-58, 62, 63, 71-73, 76) in which flawed studies are very often included. And indeed, investigators still recently published new meta-analyses mixing wellconducted RCTs (such as AURORA and 4D) with a myriad of commercial studies reporting secondary endpoints or post hoc data (78, 79) , resulting in the curious claim that statins might be useful in chronic renal failure patients.
The inadequacy of such methods is evidenced by the fact that the results differed. One meta-analysis claimed that statins reduce the risk of cardiovascular complications in patients with chronic kidney disease, including those receiving dialysis (78) , while another concluded that there was no effect in patients on dialysis (79) . One meta-analysis showed no effect of statins on stroke (78) , while the other concluded that statins did reduce stroke in patients not on dialysis (79) . Such metaanalyses should be discarded.
Also discarded by physicians should be the SHARP trial testing intense cholesterollowering (with simvastatin plus ezetimibe) in patients with chronic kidney disease and published in 2011, after the implementation of the New Regulations (80) . In SHARP, there was no significant effect on coronary death, nonfatal AMI, any major coronary event, and all-cause death. The significant effect on the composite endpoint called "total cardiovascular events" (619 events in the placebo group vs. 526 in the simvastatin plus ezetimibe group) was almost totally the consequence of the between-group difference in the revascularization procedures (352 vs. 284) (80) . As discussed (42, 50, 60) , revascularization is not a complication but a medical decision -easily biased by unblinding (43) and awareness of patient allocation -and can at best only be considered as a very soft endpoint. It cannot serve to judge the efficacy of any medicine to prevent cardiovascular disease. Finally, the trial was also criticized because of a lack of clarity in the statistical analysis plan (81).
Thus, physicians should conclude that cholesterol-lowering with a statin -or a combination of a statin with ezetimibedoes not protect their patients with chronic kidney disease.
Summary on recent (post-2005/2006) statin RCTs
Data regarding cardiovascular and overall mortality in the four rosuvastatin RCTs are summarized in Table 2 . The only conclusion can be that, taken as a whole, the four RCTs testing rosuvastatin -all conducted or published after the implementation of the New Regulationsshow that cholesterol-lowering with that specific statin is not proven to be effective, whether in primary or in secondary prevention. This is in total contradiction with the commercial RCTs published before the New Regulations. The results showed no significant difference between the two statins regarding the evolution of plaque volume during followup, which was curiously interpreted as showing that both statins were equally effective in slowing down the plaque evolution, when there was no control group (82) . In addition, there was no difference in the number of major cardiovascular complications: 49 on atorvastatin versus 52 on rosuvastatin (82) . One could argue that the trial was short and the number of patients too low to expect any significant difference to emerge between both the groups. However, the total lack of difference (not even a trend) after 2 years does not raise hope that, even with many more patients, atorvastatin would suddenly recover the remarkable effects it had boasted in the RCTs conducted and reported before the New Regulations.
Thus, according to SATURN, atorvastatin is not better than rosuvastatin and, as the latter is ineffective (50) (51) (52) (53) (54) (59) (60) (61) 
The investigators wished to demonstrate that the protective effect of large doses of atorvastatin was close to immediate. Importantly, the trial was totally controlled by the sponsor, to the point that even the main statistician of the study was a member of the sponsor staff (83).
The results were unambiguous: there were 68 deaths in the placebo group versus 64 in the atorvastatin group; 113 nonlethal AMIs in the placebo group versus 101 in the atorvastatin group; and 10 versus 8 cardiac arrests, respectively (83). The hypothesis that atorvastatin may protect from recurrence in secondary prevention should therefore be rejected without any hesitation, confirming our conclusions made from SATURN. However, MIRACL was (83, 84) -and still today (85) ispresented as an unequivocal demonstration that a statin -in particular atorvastatin -should be imperatively prescribed in secondary prevention.
How was this surprising conclusion reached? The procedure was subtle. A new clinical cardiac endpoint category was added, in place of AMI or unstable angina. In their own words, the new category was "recurrent symptomatic myocardial ischemia with objective evidence requiring emergency hospitalization" (83). These patients were not suffering from AMI or unstable angina according to established criteria but of something else, i.e., emergency hospitalization -an endpoint even softer than the revascularization endpoint (discussed above) -which can in no way be used to judge the efficacy of a drug in scientific medicine. Moreover, the validation of that endpoint totally depended on the data collected by field investigators who belonged to the sponsor's staff. By performing this curious validationclassification of a "new" endpoint, at last something appeared to be slightly different in the two groups: they recorded 130 and 95 of these types of "cardiac events," respectively, in the placebo and atorvastatin groups. No additional comment is needed.
The failure of statins to reduce the risk of recurrence and death in the early high-risk period following AMI or acute coronary syndromes -the worst phase in secondary prevention -has been confirmed since then in various meta-analyses (86, 87) , thereby also confirming that MIRACL was a flawed trial. The only conclusion for physicians then is that evidence shows that neither rosuvastatin nor atorvastatin (even at high dose) is effective in secondary prevention.
Simvastatin
For years, millions of AMI survivors worldwide have been treated with simvastatin on the basis of one single trial, the 4S trial. The findings were published in 1994 and showed significant effects with the reduction of both cardiac death and nonfatal complications (74).
The 4S trial is the one and only published RCT assessing the effect of simvastatin in the well-defined context of post-AMI prevention (74). One should note, however, that here again, the trial was conducted on the field by the sponsor's staff and that the main statistician of the trial belonged to the sponsor's staff (74), which would today be unacceptable.
One could argue that there is another RCT, the Heart Protection Study (HPS), where simvastatin was tested against placebo in high-risk people, as about 40% of the randomized patients reported a previous (undated) AMI (88) . Involving over 20,000 adults, HPS was designed to test two distinct hypotheses. The first was to determine whether simvastatin might reduce cardiovascular complication and mortality rates. The second tested whether an antioxidant cocktail could have the same effect. Four groups of over 5,000 patients each made up the HPS trial: group 1 took simvastatin + placebo; group 2, simvastatin + antioxidants; group 3, placebo + placebo; and group 4, a placebo + antioxidants. Only the comparison between group 1 (statin only) and group 3 (placebo only) matters in the present review as comparison with antioxidants is not relevant here.
Combining the four groups in their analyses, the Oxford CTSU claimed that simvastatin reduced total mortality by 13% (relative risk reduction) and any vascular death by 17% (88) . However, the results were given comparing all patients taking simvastatin, i.e., 50% of the cohort, with all patients taking placebo, whether they were also taking antioxidants or not.
In other words, we cannot determine from the results given, what the effect of simvastatin given alone was when compared to placebo given alone. Half of the patients were taking antioxidants with either simvastatin or placebo. To exclude any unplanned interaction, it is evident that the results from all four groups must be reported separately. This is a minimum requirement and failing to do so is suspect. All the more considering are the very large sample sizes (n > 5000 in each group) and the follow-up of 5 years. Not complying with this requirement should raise suspicion that the comparison of simvastatin alone against placebo alone was not conclusive.
In view of this uncertainty about the efficacy of simvastatin, is there any indication that it is better than atorvastatin?
Simvastatin was compared to atorvastatin in a trial called Incremental Decrease in End Points Through Aggressive Lipid Lowering (IDEAL), published in 2005 (89), at a time when investigators and sponsors began to be very prudent, 2005 being right in the middle of the transition phase between the ancient and New Regulations. Briefly, in IDEAL, almost 9,000 patients with coronary heart disease were treated with either atorvastatin or simvastatin. The low-density lipoprotein (LDL)-cholesterol level was a bit lower in the high-dose atorvastatin group, but the 11% reduction in the primary endpoint (nonfatal AMI + cardiac death) in this group was not statistically significant (89) . More specifically, there was no difference between groups in total death rates (374 vs. 366) or in cardiac deaths (178 vs. 175).
Thus, IDEAL shows that atorvastatin and simvastatin are not different in terms of clinical effectiveness over a period of nearly 5 years in secondary prevention (89) . As atorvastatin is apparently ineffective in post-AMI patients -as seen in MIRACL (83) -simvastatin should be considered as ineffective too. It means that the 4S results have never been confirmed.
As discussed in the Introduction section, reproducibility of scientific data is the cornerstone of their credibility (31, 32) . As long as we do not have access to the raw clinical data of HPS and 4S -and because the methods used in both RCTs are questionable (in particular, the lack of independent statistical analyses in 4S) -it seems to the least prudent to consider HPS and 4S as doubtful RCTs. The lack of effect of simvastatin in secondary prevention has been indirectly confirmed in the Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine (SEARCH) trial, comparing intensive simvastatin regimen with a four-time lower simvastatin dosage, as discussed in the next section.
Is intensive statin regimen more effective?
It has been claimed that more-intense versus less-intense statin regimen is more effective to reduce cardiovascular complications (90 . More than 4,000 patients were recruited a median of 7 days after AMI and followed up for 2 years.
Importantly, the trial -whose results were published before the 2005/2006 New Regulations -tested several hypotheses (as in HPS), with a second randomization to allocate patients to groups receiving either an antibiotic or a placebo. As discussed above, testing two hypotheses in the same patients is not a good procedure as interactions are liable to contaminate each comparison.
The antibiotic part of PROVE IT-TIMI 22 was unfortunately reported in a separate article (93). This is a situation where providing the results of all 4 trial groups is essential but was not done in PROVE IT-TIMI 22, representing a source of bias. LDL-cholesterol levels were decreased by 49% in the atorvastatin group and 21% in the pravastatin group.
Curiously, all clinical data are only expressed as percentages. We can however make some calculations and obtain approximate absolute numbers. The authors announce a reduction of 28% for total mortality and of 30% for cardiac mortality, which seems quite impressive but that are nonsignificant. Moreover, as shown in Figure 4 of the article (92) indicating the 2-year event rates (page 1501), the mean risks of dying were, respectively, 2.2% and 3.2% and the risk of cardiac death were 1.1% and 1.4%. In other words and making the story short, we can calculate that, in fact, there were something like 18 versus 22 cardiac deaths for 1,600 patients after 2 years, a difference of four deaths. In other words, a minute difference in absolute Figures was disguised as a "30% reduction in the risk of cardiac death" in PROVE IT-TIMI 22.
Using the same calculations, we found 55 nonfatal AMIs in the atorvastatin group and 59 in the pravastatin group, an obviously nonsignificant between-group difference. No additional comment is needed, and we can safely conclude that pravastatin is not better than atorvastatin, and vice versa.
Summary of the studies comparing statin versus statin
In short, rosuvastatin (which is not effective) is not different from atorvastatin, which, itself, is not different from simvastatin and pravastatin (see Table 1 ). This leads to the conclusion -based on the comparison of statin versus statin -that the early statins (simvastatin, pravastatin, and atorvastatin) are not different from the most recent one (rosuvastatin). Thus, cholesterol-lowering with any of these medicines yields no detectable benefit against cardiovascular complications, in particular cardiac death and nonfatal AMI, and no effect on the overall mortality. This lack of difference between the early and new statins -as examined in face-toface RCTs -was recently and indirectly supported by a very large cohort study based on the huge French national health insurance database comparing the cardiac and cerebrovascular prognosis of 106,941 patients prescribed rosuvastatin with 56,860 patients prescribed simvastatin, the average follow-up being 36 months (94 Mixing healthy people with AMI survivors (and more or less severe cardiac dysfunction), chronic heart failure patient, and chronic kidney failure patient in the same data set is scientific nonsense.
The statin safety issue
The statin safety issue is becoming a major problem as -according to the Oxford CTSU, CTT consortium, and even the Cochrane collaboration (5) -experts did not seriously examine (and report) statin adverse effects in commercial RCTs and in the meta-analyses, notably in those combining data from up to 27 statin RCTs (12) (13) (14) (15) . This raises trust issues: how can we continue to trust experts who have so long claimed that statin prescription resulted in major benefits without any evidence of emerging hazards?
To illustrate the point, we chose two examples -the thromboembolism and diabetes issues -because they are very important for medical doctors who must systematically evaluate the benefit/harm balance of any treatment before prescribing.
Statins and thromboembolisms
Do statins decrease thromboembolism risk?
This example brings us back to the JUPITER trial (51). Despite the premature termination of the trial and that thromboembolism was not a primary endpoint -both facts considerably increasing the possibility of a chance effect and biased results -JUPITER investigators nonetheless claimed that rosuvastatin significantly reduces the occurrence of symptomatic venous thromboembolism (95) . One should note that the absolute reduction was 0.14% (!) and that no reduction in pulmonary embolism was observed. This is already enough not to attach any importance to the findings, as confirmed by a subsequent meta-analysis (96), which analyzed published and unpublished results of statin RCTsincluding JUPITER. It was found that statins do not significantly reduce the risk of venous thromboembolism: events occurred in 0.9% of the participants who were given statins and in 1% of the participants who were given placebo. The whole issue strongly indicates (as expected) that JUPITER results about thromboembolism happened by chance.
Until we get new and consistent data, the theory that statins may have some anticoagulant properties should be rejected.
Statins and new-onset diabetes
Whether statins induce new-onset diabetes is a major question because diabetes is a serious disease with many cardiovascular and noncardiovascular complications, including kidney diseases, eye diseases, and also cancers.
In fact, they do. Curiously, it is only with the JUPITER trial in 2008 that the statindiabetes issue was revealed (51) and, as discussed above, it might have been a major reason to prematurely stop JUPITER. It took 4 additional years before the FDA sent out a warning (97).
This means that it took at least 30 statin RCTs and 30 years -during which the statins were fully prescribed -to bring to light this toxic effect. The whole story seems to be a remarkable illustration of high bias in the reporting of harmful outcomes within the company-sponsored RCTs (98, 99) . In fact, statins not only increase the risk of de novo diabetes but even more frequently increase insulin resistance and metabolic syndrome, probably through their toxic effect (at least in part) on skeletal muscles (100).
Nevertheless, the investigators who had not seen (or reported) anything until then, immediately reacted by claiming that we must not change anything in our way of prescribing statins (101) (102) (103) . Their "reasoning" was (and still is) that as statins are highly effective in preventing AMI and stroke in diabetics, becoming a diabetic is not a problem as the patient would ultimately anyway be protected from cardiovascular problems (101) (102) (103) . Should physicians trust such an advice?
While probably untrue in itself (104, 105) , this reasoning does in addition not take into consideration the several complications of diabetes that statins cannot reduce or may even stimulate (50, 60, (65) (66) (67) (68) (69) (70) (106) (107) (108) (109) (110) (111) (112) (113) . And physicians must remember that the vast majority of patients prescribed a statin are in fact at low risk of AMI or stroke.
On one hand, even if statins were really protective against AMI and stroke -an elusive theory as we have shown -only a very small proportion of the treated patients would benefit (7, 9). On the other hand, among the huge number of low-risk patients treated with statins, a significant proportion (see below) will become diabetic or insulin-resistant and suffer complications from this -including noncardiovascular complications. If we then add to this the other deleterious side effects of statins (106) (107) (108) (109) (110) (111) (112) (113) (114) (115) (116) (117) , which have been systematically misreported or underestimated, the whole issue is of major importance.
Putting data from company-sponsored RCTs aside, a crucial question for physicians (and their patients) remains: what is the true pro-diabetic effect of statins? In a real-world setting, the risk of new-onset diabetes has been reported to increase with dose regimen and as adherence with statin treatment increases; the relative risk increase of new-onset diabetes may reach 40 to 70% (118-121).
Do statins prevent cardiovascular complications in diabetics?
This then becomes a major issue for the treating physicians. Let us first cautiously have a look at the existing data as some statin experts are claiming that statins do prevent cardiovascular complications in diabetics (101) (102) (103) , whereas others say the opposite (104, 105) .
To stay in line, only robust data should be retained. For that reason, we have conducted a MEDLINE search to specifically identify double-blinded RCTs testing a statin against placebo in diabetic patients. Studies comprising secondary and subgroup analyses were excluded because a posteriori analysis based on subgroups extracted from previous unblinded trials is open to major bias. Results of our MEDLINE search are summarized in Figure 2 and Table 1 .
How many RCTs have tested the effects of statins in diabetics as a primary hypothesis? There are three RCTs, namely Collaborative Atorvastatin Diabetes Study (CARDS) (122), Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in noninsulin-dependent diabetes mellitus (ASPEN) (123) , and 4D (77) . Despite the fact that these three RCTs did not show unambiguous benefits of statins in diabetics, some statin experts (124) claimed the opposite. So, let us carefully examine the data. In brief, 4D is a RCT testing atorvastatin against placebo (median follow-up 4 years) in 1,255 diabetics receiving maintenance hemodialysis (77) . There was no significant difference between the two groups for the primary endpoint (relative risk 0.92) and for total mortality (relative risk 0.93). The risk of fatal stroke was significantly increased among patients receiving atorvastatin (relative risk 2.03).
The only possible conclusion of 4D should have been that the statin did not protect diabetics (77 
. This is simply not scientifically acceptable and, once again, shows that subgroup and secondary analyses contradicting the results of the tested primary hypothesis should not be retained.
The failure of 4D to show a protective effect of atorvastatin in diabetics receiving maintenance hemodialysis is supported by the results of another RCT in patients with hemodialysis, the AURORA trial (54) discussed above, in which rosuvastatin also failed to protect against cardiovascular complications.
Nonetheless, the comment made by the 4D investigators in their first original report (77) -lack of benefit because of too late initiation of treatment -might be relevant. It has been examined in ASPEN, an RCT where diabetics with severe renal dysfunction were excluded (123) .
The ASPEN trial investigated the cardiovascular effects of atorvastatin in diabetics, with or without documented coronary heart disease (CHD) (123) . The trial was originally designed as a secondary prevention trial but updates in treatment guidelines for individuals with CHD impaired recruitment. The protocol was therefore amended to enroll subjects without prior CHD (123) .
Following the new statistical calculations, the trial was powered to detect differences between the statin and the placebo groups but not to detect differences in the primary or secondary prevention subgroups alone (104) . Subjects were followed up during 4 years.
There was no significant difference between groups for the primary endpoint (166 and 180 events for the atorvastatin and the placebo group, respectively), for cardiovascular mortality (38 and 37 deaths), and overall mortality (70 and 68 deaths). Thus, the results of ASPEN were similar to those of 4D but in the absence of severe renal dysfunction. The extension of criteria for enrollment was likely not an important cause of bias because the statistical protocol was amended accordingly.
The two trials complement each other: in 4D
(diabetics with severe renal dysfunction), patients were at very high risk, while in ASPEN patients were at rather low risk. In both RCTs, we see no effect of cholesterol-lowering with atorvastatin.
In CARDS, the third RCT testing atorvastatin against placebo, 2,838 diabetic patients were included (122). In contrast to ASPEN and 4D, significant reduction of a composite primary endpoint was reported (relative risk 0.63). However, the numbers of primary endpoints in CARDS were small (83 and 127 in the statin and placebo group), despite the fact that the investigators used a composite primary endpoint mixing hard and soft (such as revascularization) events. This criticized strategy considerably increases the probability of a chance effect (42) . Indeed, there was no statistically significant difference for all-cause mortality and coronary mortality in CARDS.
In this context, the decision of early termination -2 years before the anticipated end without a clear explanation -was unjustified.
Also, the clinical inconsistencies seen in CARDS suggest that the validation and classification of the endpoints were questionable. And finallybecause, as written by the investigators, "site monitoring, data collection, and data entry was done by sponsor's staff" (122) -the possibility of outcome misreporting in CARDS must be considered. Clearly, it was ethically and scientifically indicated to continue the trial to definitely clarify the effect on cardiac and total mortality.
The CARDS trial has to be suspected of being biased until confirmed by other trials. No such confirmation has occurred.
On the contrary, both 4D and ASPEN failed to report any benefit (not even a trend toward benefit) of atorvastatin in diabetics (77, 123) .
Taken together, the three RCTs testing a statin in diabetics as a primary hypothesis failed to show any benefit.
Summary of the statin-diabetes issue
Despite the absence of evidence, why do the "official" recommendations still state that most diabetics (if not all) should be treated with cholesterol-lowering drug (126, 127)?
One explanation is that these recommendations are usually based on meta-analyses that are supposed to objectively synthetize the whole scientific knowledge about the issue. In fact, even meta-analyses examining whether statins may protect diabetics do not all show the same results. For instance, Chang et al. (105) concluded in 2013 that no significant benefit of statin is found in primary (p = 0.24) as well as in secondary (p = 0.26) prevention of cardiovascular complications in diabetics whereas Collins, his Oxford CTSU colleagues, and the CTT's Collaborators concluded that statins reduce the risk of AMI in diabetics, even stating that "statin should be considered for all diabetics" (124) .
How can we explain such discordant conclusions?
The CTT meta-analysis pooled in 2008 the data from 14 statin RCTs but none of the statin RCTs published after 2005 was included thereby curiously excluding 4D (77) and ASPEN (123) . Moreover, among the 14 included RCTs, only one -CARDS (122) for which we have exposed the major methodological problems -prospectively randomized diabetic patients and thus actually tested the effect of a statin in diabetics as a primary hypothesis.
Data from the other 13 trials were from nonrandomized subgroups of diabeticsrepresenting between 1% and 35% of the total of the patients enrolled in each trial (124) -and therefore open to major bias. Even more surprisingly, 4D and ASPENalthough not included in the main analysis -were mentioned at the end of the discussion section of the CTT report, the authors writing that "their conclusions are not materially affected by the results of ASPEN and 4D trials" (124) .
On the contrary, true science imposes to only consider statin RCTs where diabetics were prospectively randomized -namely CARDS, 4D, and ASPEN -as Chang et al. (105) did, rather than partial retrospective data from nonrandomized subgroups of diabetics. The CTT meta-analysis is therefore flawed by a major selection bias (124) .
Limitations of this analysis
The main limitation of the present study is that we do not have free access to the raw data of the many RCTs we are discussing. The lack of transparency of commercial RCTs -i.e., the impossibility of verifying the way the clinical data are collected, the data sets are constituted, cleaned and digitized, and the way statistical analyses are conducted -definitively limits our ability to evaluate the accuracy of the published data.
Even if we can suspect the existence of problems in some RCTs -JUPITER, HPS, MIRACL, and many others not mentioned in the present article -raw data remain in the darkness. This is a major problem for medical doctors who must make a decision (prescription or not) every day.
So despite advances in clinical research and RCT transparency, there are still scientists and regulators -the EMA for instance (29) -saying that the present regulations are not sufficient and should be reinforced (30). Obviously, full access to raw RCT data (still not possible) would allow independent researchers to examine the risks and benefits of medical drugs and thereby counterbalance the industry's power to assess its own products in the "industry-sponsored" RCTs.
Clearly, legitimate interests in the protection of private (industry) investments must be weighed against other legitimate interests, such as the benefit and the protection of patients. The right balance between these interests is an obvious duty for all stakeholders involved, including regulators. And truly, when industry investments have been paid back, years after publication of RCTs that justified the marketing of a new medicine, there is no reason remaining not to give free access to RCT raw data unless, of course, there are things that are not to be shown.
Conclusions
A careful examination of the most recent statin RCTs (Table 2) , followed by comparing statins to each other, clearly shows that contrary to what has been claimed for decades, statins do not have a significant effect in primary and secondary prevention of cardiovascular disease. One of the major lessons of the rosuvastatin RCTs was to confirm that only RCTs testing clearly defined primary hypotheses -and only a primary hypothesis (38, 50) -can provide a reliable evaluation of the efficacy of any medical drug. As a consequence, the well-spread theory, based on ancient RCTs, that statins are unambiguously protective in secondary prevention should be discussed in the light of more robust data provided by more recent and more credible RCTs.
Regarding the statin-diabetes issue, for instance, the only possible interpretation based on robust data is that statins do not protect the diabetics, while there is no question about their diabetogenic effect. It is high time to re-assess the whole statinsdiabetes issue. In our opinion -built on evidence-based medicine -and in contradiction with official recommendations, medical doctors should not prescribe statins in diabetics and in patients with metabolic syndromes.
As for statin safety, we are facing a major problem after the official admission that we lack the data (5). For medical doctors, this is unacceptable as their prescriptions must be based on a right evaluation of the benefit/harm balance of any medical drug.
We must enter a new era of full access to raw data from industry-sponsored RCTs (20, 21) . This is the only way to allow transparency and to restore the credibility of clinical research. It is time to require the implementation of completely reliable methods to conduct medical trials so as to restore mutual confidence between all participants in the patient's care (22) (23) (24) .
The 2005/2006
New Regulations definitely represented a step in the right direction (46) (47) (48) (49) (50) , but it nevertheless remains that investigators and industrials can still succeed in finding a way around them. Indeed, since 2006, the media in various countries report problems every week between the pharmaceutical industry (and the experts working with it) and the law courts (25) (26) (27) (28) .
This has led to the dogmas about statin efficacy and safety, based on unrealistic clinical reports and flawed meta-analyses, resulting in biased recommendations about statin use (16, 17, 126, 127) and ultimately extravagant situations and claims (128, 129).
The obvious final conclusion for physicians is that the present claims about the efficacy and safety of statins are not evidence-based.
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